Binding of phosphinate and phosphonate inhibitors to aspartic proteases: a first-principles study.
Phosphinate and phosphonate derivatives are potent inhibitors of aspartic proteases (APs). The affinity for the enzyme might be caused by the presence of low barrier hydrogen bonds between the ligand and the catalytic Asp dyad in the cleavage site. We have used density functional theory calculations along with hybrid quantum mechanics/molecular mechanics Car-Parrinello molecular dynamics simulations to investigate the hydrogen-bonding pattern at the binding site of the complexes of human immunodeficiency virus type-1 AP and the eukaryotic endothiapepsin and penicillopepsin. Our calculations are in fair agreement with the NMR data available for endothiapepsin (Coates et al. J. Mol. Biol. 2002, 318, 1405-1415) and show that the most stable active site configuration is the diprotonated, negatively charged form. In the viral complex both protons are located at the catalytic Asp dyad, while in the eukaryotic complexes the proton shared by the closest oxygen atoms is located at the phosphinic/phosphonic group.